Introduction
The history of capitalism from the industrial revolution onwards is one of increasing differences in productivity and living conditions across different parts of the globe. According to one source, 250 years ago the difference in income or productivity per head between the richest and poorest country in the world was approximately 5:1, today this difference has increased to 400:1 (Landes 1998) . However, in spite of this long run trends towards divergence in productivity and income, there are many examples of (initially) backward countries that -at different times -have managed to defy the trend by narrowing the gap in productivity and income between themselves and the frontier countries, that is, by "catching up". How did they do it? What was the role of innovation and diffusion in the process? These are among the questions that we are going to discuss in this chapter.
The "catch-up" question should be seen as distinct from the discussion of "convergence", although the two issues partially overlap. "Catch-up" relates to the ability of a single country to narrow the gap in productivity and income vis-à-vis a leader country, "convergence" to a trend towards a reduction of the overall differences in productivity and income in the world as a whole. The issue of convergence has been central to the economists' research agenda in part because some prominent theoreticians formulated models of long run growth implying such convergence (Solow 1956 ). 1 Of course, if all countries below the frontier catch up, convergence will necessarily follow. But if only some countries catch up (and perhaps forge ahead), while others fall behind, the outcome with respect to convergence is far from clear (Abramovitz 1986) . What the empirics show is that, at best, such convergence is confined to groups of countries -or "convergence clubs" (Baumol et al. 1989 ) -in specific time periods. Arguably, to explain such differences in the conditions for catchup through time it is not enough to rely on general mechanisms, a historical perspective is required.
During most of the nineteenth century the economic and technological leader of the capitalist world was the United Kingdom with a GDP per capita that was fifty per cent above the average of other leading capitalist countries. However, during the second half of the century United States and Germany both started to catch up and substantially reduced the UK lead. They did not do so by merely imitating the more advanced technologies already in use in the leading country, the UK, but by developing new ways of organizing production and distribution, e.g., by innovating (Freeman and Soete 1997, Freeman and Louçã 2001) . In the case of the US this led to the development of a historically new and dynamic system, based on mass production and distribution and exploitation of economies of scale, and a change of leadership. Also Germany introduced new ways of organizing production, particularly with respect to R&D, and in the chemical and engineering industries, that in the long run should come to have a very important impact. More recently, the very rapid catch-up of Japan towards Western productivity levels during the first half of the Second World War Two period was associated with a number of very important organizational innovations (such as the "just in time system", see box 1) that among other things totally transformed the global car industry. These innovations did not only benefit Japan, but diffused (with a lag) to the established leader (the USA) and contributed to increased productivity there.
As these brief examples show, successful catch-up has historically been associated not merely with adoption of existing techniques in established industries but also with innovation, particularly of the organizational kind, and inroads into nascent industries. However, as is equally clear, this has been done in different ways and with different consequences. If we extend the perspective to the most recent decades, as we will do in this chapter, this diversity in strategies applied and performance becomes even more striking. In the next session, we discuss some of perspectives that have emerged in the catching up literature. Section three extends the perspective to the most recent decades, compares cases of successful catch-up to less successful ones and considers the lessons. Finally, section four raises, by way of conclusion, the question of what present day developing countries can learn, particularly with respect to policy, from the literature on innovation and catching up.
Lessons from the literature
The potentially relevant literature on why growth differs (and why some countries catch up while others don't) is arguably very large. For instance, a lot of writings within economics and/or economic history may be seen as relevant. Providing an overview of all this would be beyond the scope of a short essay. However, the literature focussing specifically on catch upas distinguished from economic growth more generally -and, in particular, on concepts and theories that may be helpful for understanding catch up (or lack of such), is appreciably smaller. We will in the following limit the discussion to three central cases within the latter. First there are the contributions by Thorstein Veblen, Alexander Gerschenkron and others on European catch-up prior to the First World War. 2 The main point of interest here is the interpretation of the German catch-up with the UK, and the role of policy and institutions in this context. Second, there is a large literature on Asian catch-up, particularly Japan, but increasingly also on Korea, Taiwan and other countries that to a varying degree have attempted to follow the Japanese route. The argument that an activist, "developmental state" is an efficient mean to successful catch-up has been a central focal point in much of this literature. Third, there is a strand of macro-historical and macro-economic analysis focusing on interpretations of long-run data on economic growth, and the role of technology and innovation in this context, a central contributor here has been Moses Abramovitz. In what follows next, these three perspectives will be briefly reviewed.
(a) Lessons from European Catch-Up
The discussion of continental Europe catch-up illustrates nicely some of the central issues in the catch-up literature. Veblen (1915) , who initiated the discussion, put forward the argument that recent technological changes had altered the conditions for industrialization in latecomer economies. In earlier times, he argued, diffusion of technology had been hampered by the fact that technology was mostly embodied in persons, so that migration of skilled workers was a necessary prerequisite for the spread of technology across different locations. However, with the advent of the "machine technology", this logic had changed (ibid, p. 191) . In contrast to the conditions that had prevailed previously, Veblen argued, this new type of knowledge "can be held and transmitted in definite and unequivocal shape, and the acquisition of it by such transfer is no laborious or uncertain matter" (ibid.) Although Veblen did not use the terminology that is now commonly applied to the process he described, it is pretty clear what he had in mind. Effectively what he was arguing is that while technology was previously "tacit" and embodied in persons, it later became more "codified" and easily transmittable. Hence, catch-up should be expected to be relatively easy, and was under "otherwise suitable circumstances" 3 largely "a question of the pecuniary inducement and (…) opportunities offered by this new industry" (ibid., p. 192) . Since the late-comers could take over the new technology "ready-made", without having to share the costs of its development, this might be expected to be a very profitable affair (ibid, p. 249) . This being the case Veblen predicted that other European countries, e.g., France, Italy and Russia, would soon follow suit (he also mentioned the case of Japan).
While in Veblen's interpretation German catch-up was a relatively easy affair, the economic historian Alexander took a different view, emphasizing the difficulty of the matter. While, he argued, technology when Britain industrialized was small scale, and hence institutionally not very demanding, these conditions were radically altered in the nineteenth century when Germany started to catch up. What Gerschenkron particularly had in mind was the seemingly inbuilt tendency of modern technology to require ever larger and more complex plants (static and dynamic economies of scale), with similarly changing requirements with respect to the physical, financial and institutional infrastructure. He argued that, because of the high potential rewards from successful entry, and the heavy transformation (modernisation) pressure on the rest of the economy it helped to generate, it was of paramount importance for the latecomer to target such progressive, dynamic industries, and compete globally through investing in the most modern equipment/plants. 4 However, to succeed, catching-up countries had in Gerschenkron's view to build up new "institutional instruments for which there was little or no counterpart in the established industrial country" (ibid., p. 7). The purpose of these institutional instruments would be to mobilize resources to undertake the necessary changes at the new and radically enlarged scale that modern technology required. His favourite example 5 was the German investment banks (and similar examples elsewhere in Europe), but he also admitted that, depending on the circumstances, other types of institutional instruments, such as for instance the government (in the Russian case), 6 might conceivably perform the same function.
Gerschenkron's work is often identified with his focus on the role of banks in industrialization, although as pointed out by Shin (1996) , it is possible to see it as an attempt to arrive at a more general theory about catch-up, focusing on certain requirements that needs to be met for successful catch-up to take place, and different though "functionally equivalent" institutional responses (or catch-up strategies). An important chain in his argument is the emphasis on the advantages of targeting rapidly growing, technologically advanced industries. It should be pointed out, however, that for Gerschenkron this was a generalization based on historical evidence. Thus it is not obvious that his recommendations would be equally relevant for later time periods/technologies. Neither did he rule out that there might be other paths to successful industrialization than the one he recommended, although he held that to be rather exceptional. For instance, he pointed to Denmark as an example of a country that managed to catch up without targeting the progressive industries of his time, and explained this with its close links to the rapidly growing British market for agricultural products.
We may use Veblen's and Gerschenkron's accounts of German catch-up to make a preliminary classification of catch-up strategies. The type described by Veblen assumes that technology is easily available/transferable, not very demanding in terms of skills or infrastructure and that market forces are able to take care of the necessary coordination without large-scale involvement of external "change agents". In contrast there is the Gerschenkronian case in which technology transfer is so demanding in terms of skills/infrastructure that market forces, if left alone, are considered unlikely to lead to success, and some degree of active intervention in markets by outsiders, being private organisations or parts of government, is consequently deemed necessary.
(b) The Asian experience Similar perspectives to those by Veblen and Gerschenkron have also played a role in the discussions of Asian catch-up in the Post Second World War period. The primary examples are, in addition to Japan, Korea, Singapore and Taiwan. Although some observers have attempted to classify these as Veblen-type catch-up stories (World Bank 1993), there is by now an abundant literature showing that the catch-up strategies applied are much closer to the Gerschenkronian scheme , Amsden 1989 , Wade 1990 , Shin 1996 .
There are many accounts of Japanese catch-up. The so-called Meiji-restoration in 1868 provides a natural starting point. What happened in 1868 was that a fraction of the ruling elite established a new regime, with the explicit purpose of strengthening the economy (through catching-up) and the military strength of the state, which at the time was strongly challenged by Western imperialism (Beasley 1990) . "A rich society and a strong army" was the slogan of the day. Since Japan lacked other "modernization" agents, the government (bureaucracy) took on the challenge. It modernized the legal system, the physical infrastructure, the educational system, initiated new businesses (that later on were privatised) in industries that were deemed strategically important etc. 7 Universities, colleges and research centres were also founded, often with a bent towards engineering and applied science. While, particularly in the initial phase, the public sector played a vital role, private initiatives, and cooperation between public and private actors, became gradually more important. Much of the initiative came to rest with a number of emerging family-owned business groups, the Zaibatsus, in interaction with the bureaucracy and the military. Initially, the dominant industries were food processing and textiles, but during the First World War and the period that followed, the Japanese economy underwent a rapid transformation, with machinery and other "heavy industries" taking over as leading sectors. R&D activity also soured, partly for military needs, and was, according to one source (Odagiri and Goto 1996) well above 1 per cent of GDP in the early 1940s .
The defeat of Japan in the Second World War changed the power-structure in Japanese society by eliminating two of the three contending power centres in society, the military and the (owners of the) Zaibatsus, hence giving a boost to the bureaucracy that once more took on the challenge of gearing the economy and the society at large towards economic catch-up with the West. The sequence of events from the late nineteenth century somehow repeated itself, with a very important role for the state (and -in particular -the Ministry for Trade and Industry, MITI) in the early phase, and a growing role for private initiatives (and businessgroups) as the economy grew stronger (the military were "out", though). The new business groups that emerged, the Keiretsus, were in some cases based on the pre-war groupings (which had been dissolved by the American occupation forces), in other cases totally new constructions. They differed from the pre-war groupings by a stronger role for banks, and a smaller role for private investors/family ownership. In the early phases, these banks were very dependent on credit from the state, reinforcing the power of the bureaucracy in getting business to cooperate with the government in its preferred catch-up path. After a few decades of rapid growth the banks and business more generally grew more independent and the role of the state diminished and took on more "normal", Western proportions.
The exact role of the government versus private actors in the various phases of Japanese economic growth is a matter of considerable controversy, and we shall not attempt to resolve it here. Suffice it to say that government/bureaucracy intervention, through activist economic, industrial and trade policy (protectionism), was very important, especially in early phases. Although not everything it touched turned into "gold", and sometimes its interventions were strongly resisted by private business (and for perfectly good reasons), it is no doubt that it contributed significantly to gear the attention of private business to catch-up with the West. An important element in this catch-up process (and the policies that were pursued) was a very rapid but orderly process of structural change through which industries "of the past" were gradually phased out in favour of technologically more progressive industries, emphasizing in particular the combination of economies of scale, product differentiation and rapidly growing demand on the one hand, and continuous improvements of products and processes through learning on the other. In this way Japanese industry soon rose to the productivity frontier in its chosen fields, first in the steel industry and in ship-building, and later in cars and (consumer) electronics. 8 Although Japanese innovation in the catch-up phase also included a large number of product innovations, especially of the minor type (adaptations to demand), the main emphasis was on process innovations, particularly of the organizational type, that allowed for simultaneous exploitation of scale economics and flexibility, leading to high through-put, efficient inventory management, high quality/reliability and a proven ability to adjust to the needs of the end-user (see Box 1).
BOX 1 APPR. HERE
Not surprisingly the Japanese experience has generated a lot of interest in other developing countries, particularly in Asia, that considered the policies and practices pursued by the Japanese as a possible model for their own catch-up towards Western levels. The prime examples are as noted Korea, Singapore and Taiwan, although the Japanese influence has also been recognisable in other countries. Focusing in particular on the former, what these countries have in common is that they have caught up very rapidly, underwent extensive structural change and -finally -established themselves as among the major producers (and exporters) internationally in the most technologically progressive industry of the day, electronics (broadly defined). The government appears to have played a very important role in these processes. 9 Everywhere a lot of emphasis has been placed on the expansion of education, particularly engineers (Lall 2000) . In the early phases, governments in Korea and Taiwan intervened heavily with tariff protection, quantitative restrictions, financial support etc. to benefit the growth of indigenous industries in targeted sectors. Singapore is a special case, since its government has relied heavily on inward FDI in its industrialization efforts, and targeting hence has had to be achieved through selective FDI policies (Lall 2000) . In all countries, targeting production for exports and rewarding successful export performance was very important. More recently all countries have put a lot of emphasis on policies supporting R&D and innovation. However, when it comes to the industrial structure, there is a considerable element of diversity. In Korea large diversified business groups (chaebols), similar to the family-owned groups in pre-war Japan, have been very important, while in Singapore foreign multinationals dominate the scene. Taiwan, in contrast, is characterized by an industrial structure dominated by small and medium-sized private firms.
BOX 2 APPR. HERE
With respect to the Gerschenkronian scheme, the experiences of these Asian economies fit well with the emphasis of targeting the technologically most progressive industries. On a general level, in all four countries the state (bureaucracy) played a very important role at an early stage. However, as noted above, this was done in different ways in different countries. For instance, in both Japan and Korea credit rationing by the state (socalled "directed credit") was extensively used to persuade private business to go along with the government's objectives, while this mechanism played virtually no role in Taiwan (which underwent a financial liberalization early on). In the Taiwanese case the government had to rely on other instruments such as state-owned firms (which came to play an important role) and, in particular, heavily supported "intermediate institutions" (R&D infrastructure etc.) with mixed public/private sector participation. Moreover, while industrialization in Japan, and in the USA and Germany before it, was mainly geared towards the home market, exports played a similar role in the catch-up strategies of the three "tigers". This may, arguably, have to do with the fact that the domestic markets in the latter in many cases were too small to support large-scale industrialization efforts, but the gradual reduction in barriers to trade during the post World-War-II period also played an important role (Abramovitz 1994) .
The freeing of international capital flows, and deregulation of financial markets, towards the end of that period also placed the "tigers" and other late-latecomers in a somewhat different situation from that of Japan 50-100 years earlier, with a greater potential role for external finance, whether in the form of "Foreign Direct investment" (FDI), or lending. For instance, while Japanese catch-up was largely self-financed, Korean catch-up came to depend heavily on foreign lending. However, such increased debt exposure, while providing opportunities for catch-up, may also make countries vulnerable, as shown by the financial crisis in Korea (and to some extent in other Asian countries) towards the end of the 1990s (see box 2). Although controversial (Shin and Chang 2003) , the crisis may also be seen as an illustration of the important point that policies and institutions that worked well during the catch-up phase may not be equally well suited when this phase is completed, and the former catch-up country has to compete with other developed countries on an equal footing. Another example of this, also from the financial sector, comes from Japan. The Japanese financial system was designed to generate large savings among the general public and funnel these to the large industrial conglomerates, which were the vanguards of catch-up, on preferential terms, and as such it was very effective. However, when catch-up was completed, this financial machine continued to generate large savings, although the profit opportunities created by the potential for catch-up were largely gone. This led to excesses, crises and depression. Hence, from being a very valuable asset, the country's financial system actually turned into a considerable burden for the Japanese economy.
(c) A macro-view
The third strand of catch-up research mentioned above operates on the macro-level and asks questions of the type to what extent catch-up or convergence actually has occurred, for whom and how this may be explained. As mentioned in the introduction an important finding in this literature is that the long run trend since the British industrial revolution points to divergence, not convergence, among capitalist economies. It has also been shown that these trends differ a lot between time periods. For example, one such period in which the conditions for catch-up appear to have been especially favourable (and during which many countries managed to narrow the gap in productivity and income vis-à-vis the leader) was the decades following the end of the Second World War, what Abramovitz (1986 Abramovitz ( ,1994 has called "the post-war catchup and convergence boom". He suggested that such differences in performance over time and across countries might to some extent be explained with the help of two concepts, technological congruence and social capability. The first concept refers to the degree to which leader and follower country characteristics are congruent in areas such as market size, factor supply etc. For instance, the technological system that emerged in the USA around the turn of the century was highly depended on access to a large, homogenous market, something that hardly existed in Europe at the time, which may help explain its slow diffusion there. The second concept points to the various efforts and capabilities that developing countries have to develop in order to catch up, such as improving education, infrastructure and, more generally, technological capabilities (R&D facilities etc.). Abramovitz explained the successful catch up of Western Europe in relation to the US in the first half of the post-war period as the result of both increasing technological congruence and improved social capabilities. As an example of the former he mentioned how European economic integration led to the creation of larger and more homogenous markets in Europe, facilitating the transfer of scale-intensive technologies initially developed for US conditions. Regarding the latter, he pointed among other things to such factors as the general increases in educational levels, the rise in the share of resources devoted to public and private sector R&D and how good the financial system became in mobilizing resources for change.
There have also been some attempts to develop testable models of cross-country differences in growth performance that includes the potential for catch-up along with other factors. In what arguably was the first attempt to do this, Cornwall (1977) analysed economic growth in the first half of the Post Second World War period as driven by catching up processes, the ability to mobilize resources for change (investment), demand and endogenous technological change (through the working of the so-called "Verdoorn's law"). Baumol et al. (1989) presented and tested a simple model of cross-country growth including the potential for catch-up and social capability (proxied by education) for a large number of countries and different time-spans, and since then there has been a plethora of such exercises confirming (or questioning) the importance of such factors (see Fagerberg 1994 and Temple 1999 for overviews). However most of these studies ignored Abramovitz' emphasis on the importance of technological congruence as well as the role of innovation. More to the latter Fagerberg (1987, 1988) has suggested an empirical model based on Schumpeterian logic that includes innovation, imitation and other efforts related to the commercial exploitation of technology as driving forces of growth. Following this approach, catch-up or convergence is by no means guaranteed. It depends on the balance of innovation and imitation, how challenging these activities are and the extent to which countries are equipped with the necessary capabilities. According to Verspagen (1991) , who implemented similar ideas into a non-linear setting that allows for both catch-up and a "low-growth trap", poor countries with a low "social capability" are the ones at risk of being "trapped".
Abramovitz's work has been criticized by Shin (1996) for not being sufficiently historically specific. In particular he argues that the "social capability" concept is very difficult to operationalize, as in fact admitted by Abramovitz himself. However, Abramovitz emphasis on technological congruence clearly points to awareness of the importance of changes in technological dynamics over time, although it is clear that Abramovitz himself did little to substantiate it. In this he clearly sided with Gerschenkron who also focused almost exclusively on catch-up in scale-based technologies. There is, however, no scarcity of contributions that argue that the dynamics of the scale-based system is vaning (Nelson and Wright 1992, Fagerberg et al. 1999 ). If so this may have strong implications for the conditions for catch-up. We return to this issue in the final section of this chapter
Catching up: A review of recent evidence
We will now take a closer look of the global catching-up process (or lack of such) during the four last decades. While other studies have provided highly aggregated analyses of differences in growth across large samples of countries (for overviews, see Fagerberg 1994 and Temple 1999) , we will in this section limit the analysis to a selection of countries that we find particularly relevant for the study of catch-up processes, and for which good data on relevant factors, such as R&D and innovation, are available. This includes the countries discussed so far, such as the previous -and present -world leaders (US and UK), Gerschenkron's favourite object of study, Germany (we also include date for two other countries he studied, France and Italy, for comparison). Moreover, we include a group of Asian countries, which, in addition to those mentioned so far, also contains China, Hong-Kong, India, Malaysia and Philippines. Finally, we introduce two other country groupings, with which the experience of the catch-up countries of Asia may be compared, a group of European catch-up countries (Finland, Greece, Ireland, Portugal and Spain) and a group of potential catch-up countries from Latin-America (Argentina, Brazil, Chile and Mexico). Table 1 ranks the countries of our sample after initial GDP per capita level (1960) . The countries that industrialized a century or more ago were, not surprisingly, at the top, headed by the USA, while the seven countries at the bottom of the list were all Asian. In the middle we find the remaining European and Latin-American countries joined by two Asian economies, Hong Kong and Japan. Figure 1 illustrates how these changes in the distribution during the last four decades came along. Evidently, there is a group of Asian countries that have caught up very rapidly. In fact, the top seven performers in terms of per capita growth are all from Asia. Annual per capita growth for these countries ranges from 6.5% (Korea) to 4.2 % (Japan). Then the European catch-up countries follow, headed by Ireland (4.1 %) and Portugal (3.9%). The more established countries, which were in the lead in the early 1960s, cluster towards the lower half of the distribution, with growth-rates in the 2-3 % area. At the very bottom we find three potential "caching-up" countries with a very dismal performance, Philippines, Argentine and Mexico, which evidently "fall behind" rather than "catch up", to use the terminology suggested by Abramovitz. The remaining potential "catching up" countries of Latin America, and India, although performing slightly better, also fail to reduce the gap vis-à-vis the leader, the USA. The result of this dynamics is that while the seven Asian countries at the top of the list all improve their relative position during this period, by moving to a higher quartile of the distribution, all the Latin-American move down one or more quartiles (table 1) .
(TABLE 1 APPR. HERE, FIGURE 1 APPR. HERE)
We will now explore how these differences in performance relate to differences in relevant "social capabilities". Although there are many variables that it potentially might have been interesting to take into account, we have in the present context chosen to limit the discussion to three that we believe are of particular relevance in the present context; skills (education), R&D and innovation (as reflected in patents). Traditionally, many analyses of differences in cross-country growth, based on large cross-country samples, have focused on differences in the extent of primary and secondary education as a possible factor behind the observed differences in performance (see, for instance, Baumol et al. 1989 ). However, while relevant for understanding the failures of some developing countries, in Sub-Saharan Africa for instance, to enter the catch-up phase, these variables discriminate less well between the countries of our sample, which, with very few exceptions, all have relatively extensive primary and secondary education. 10 We have, therefore, chosen to focus on third-level education (universities, colleges etc.). Figure 2 confirms that the established industrialized leaders, with the USA in a comfortable lead, put strong emphasis on higher (third level) education. But some catching-up economies also figure relatively high, Finland, for instance, is second, followed by Korea. However, one should not overemphasize such differences, because today the great majority of countries under study share the emphasis on higher education. In fact, most countries send between 25% and 50% of their youth to universities and similar institutions. This was definitely not the case thirty-forty years ago. Although the USA still is the world leader in this area, many other countries have expanded their efforts in this area very rapidly, so that the gap vis-à-vis other countries has been much reduced. The increase in higher education is especially impressive in some of the catching-up economies in Asia and Europe, such as, for instance, Finland, Korea and Spain. The deviants from this strong emphasis on third level education consist of a group of (low-income) Latin-American and Asian countries (Mexico, Brazil, Malaysia, India and China) that continue to have very low levels of higher education.
(FIGURE 2-3 APPR. HERE)
Higher education is, however, a mixed bag, and not every element is necessarily equally essential for innovation or catch-up in technology. In figure 3 we focus more narrowly on the production of (undergraduate) university degrees in natural sciences and engineering (as a percentage of the (young) population). In this case we see a much clearer divide between the countries in the upper half of the distribution, in which between 6% and 9% of the cohort take such education, and the countries in lower half, in which -in all but one case -less than 3% of the cohort get such degrees. As is evident from the figure, the countries that place most emphasis on this are the developed countries (the early industrializers) and the four Asian countries discussed in the previous section, joined by some of the catch-up economies in Europe (Finland, Ireland and Spain, in particular). The lower half of the distribution, those with low investments in this area, includes all the Latin-American countries, the lessdeveloped countries of Asia and -closer to the mean of the sample -some of the catch-up countries in Europe (Portugal and Greece). In contrast to for higher education as a whole, the USA is not in the lead. While, in the USA, one out of six students graduate in natural sciences or engineering, in Korea the equivalent number is one third and in Singapore two thirds. Hence, countries such as Korea, Taiwan and Singapore not only place strong emphasis on higher education in general, but also to a larger extent than most other countries direct their educational investment towards types of education of particular importance for technological catch-up (and innovation).
It should be noted, however, that there are some examples of countries that have fallen behind despite quite substantial investments in higher education, e.g., in the present sample, Argentine and Philippines. Arguably, important as education is, what matters for growth in the long run is how it is put into use, and failure to expand the employment opportunities for highly educated labour may seriously impede the potential growth effects from investments in higher education. In fact, one of the reasons why the Asian NICs managed to expand higher technical education so rapidly was the similar rapid increase in the employment opportunities for engineers (and scientists). Thus, for these countries, industrial, technology and educational policies were complements, not substitutes, and the ability to carry these policies out in a sustained and coordinated fashion probably explains a good deal of their economic success. Similarly, attempts to target high-growth, strategic industries without investing sufficiently in complementary assets, such a higher education, or without providing sufficient incentives for technological upgrading (a "dynamic" competitive environment), are also bound to fail, as the evidence of some countries in, for instance, Latin-America shows.
One important use of highly competent labour is of course in R&D. Figure 4 , which focus on R&D as a share of GDP, shows that in the early 1960s, only a few of the countries in our sample, with the USA, the UK and France in the lead, devoted a significant share of its GDP to R&D activities. 11 Apart from these three countries, and Germany and Japan, all countries of our sample used less than 1 % of its GDP on R&D. Today the USA has been replaced by Japan as the country that uses the largest share of its income on R&D activities, and the club of high R&D performers has been enlarged by a number of new members, Korea, Finland and Taiwan deserve particular mentioning. However, also Singapore, Ireland and Italy have increased the expenditure on R&D beyond the 1% of GDP level. The remaining countries, including those from Latin-America, many Asian and most of the catching-up economies in Europe, remain low R&D performers, although R&D investments have in several cases increased significantly compared to the situation a few decades ago. Data on patents reveal a very similar pattern ( Figure 5 ).
(FIGURE 4-5 APPR. HERE)
Another indicator that is often invoked in analyses of catching-up and technology transfer is inward foreign direct investments (FDI), on the grounds that those that do such investments are assumed to control, and be willing to share, superior technology. The available evidence, however, indicate that the distribution of FDI is very skew, with a disproportionate relative high amount invested in two small economies, Hong Kong and Singapore, and, more recently, and to a lesser extent, in a number of other lower income countries, such as Ireland, Chile, Malaysia and China. However, some of the most successful catching-up economies, such as Japan, Taiwan and Korea, have received very little inward FDI. This does not imply, of course, that these countries did not benefit from international technology flows, just that they found other -and perhaps equally or more efficient -ways (see box 3).
BOX 3 APPR. HERE
The evidence presented here has confirmed the relevance of the Gerschenkronian scheme referred to earlier, in the sense that the countries that have been most successful in catching up, Korea, Taiwan and Singapore (and Japan before them), have all -after initially having acquired some capabilities through more traditional activities -aggressively targeted the most technologically progressive industries of the day, in which they today play an important role. This transformation of the economy has, as shown in this section, been accompanied by extensive investments in higher education, particularly in engineering and natural sciences, and big increases in the resources devoted to R&D and innovation. As discussed in the previous section, proactive governments -and policies -have played an instrumental role in these processes, though in different ways, reflecting different historical backgrounds and conditions. However, not far behind these success cases, measured in terms of economic performance, we have a more diverse group of countries that also have managed to substantially reduce the gap vis-à-vis the frontier, though less. Some of these, such as Finland, Ireland and Malaysia, share the focus on targeting the technologically most progressive industries of the day (ICT), although with considerable differences between them with respect to the instruments pursued in achieving that goal. Others, such as Portugal, Spain and Greece, have preferred to pursue catch-up without similarly ambitious goals for changing the industrial structure, and, arguably, with more modest results, both in terms of economic performance, accumulation of skills and technological capabilities. Still others, such as the Latin-American countries considered here, have failed to invest sufficiently in skills and technological capabilities, and have as a consequence fallen further behind.
Catching-up and policy
The literature on catch-up processes in Europe, particularly Germany, led to a strong focus on the relationship between catch-up, "institutional instruments" and policy. Similarly, the more recent idea of a "developmental" state, modelled on the experiences of Japan, also brought increased attention to the important role played by policy in catch-up processes. This led, among other tings, the World Bank to publish a study on East-Asian catch-up in which it sought to emphasize the advantages of its so-called "market friendly" approach, and downplay the role that interventionist politics had played in the catch-up of these countries (World Bank 1993, for rebuttals see Rodrik 1994 and Fagerberg 1995) . However, the discussion of catch-up and policy arguably has older roots. Already 200 years ago, when the Americans started to consider how to reduce the gap vis-à-vis the UK, this issue was lively debated. Some, basing themselves on the great authority of Adam Smith, argued that the best thing would be to practice free trade, refrain from governmental intervention in economic affairs and stick to America's acquired advantage in agriculture. Others, such as the first Secretary of the US Treasury, Alexander Hamilton, doubted the wisdom in this approach, and advocated an industrialization policy based on so-called "infant industry protection". The German economist Friedrich List, who came to be known as the chief protagonist of this approach, pointed out that Britain -the main advocate of free trade at the time -had itself used infant industry protection intensively during its rise to economic and technological leadership (List 1841) . Its more recent advocacy of free trade, List argued, was simply an attempt to "kick away the ladder" the country itself had used to industrialize.
Since that time, the issue of catch-up and policy has been highly contentious. Recently, Chang (2000) has taken a fresh look at the evidence on this issue. Based on an extensive overview of policies carried out in the industrialization phase of various (developed) countries, he has shown that the interventionist policies applied by Japan and other Asian countries during their catch-up were not historically unique. On the contrary most (though not all) present-day developed countries applied such policies when in the same situation. Many different policy instruments were used to support the growth of new industries, trade protection (tariffs etc.) being only one, and not always the most important. However, during the last few decades, Chang points out, there has been a concerted effort led by the USA, with international organisations such as the World Bank, the IMF and the WTO as central players, to reduce the room of manoeuvre for such interventionist politics by catching-up countries. 12 He argues, as List before him, that these efforts may be seen as an attempt by the present economic and technological leaders to "kick away the ladder" their own countries used to arrive at their present levels of development.
Do the changes in international rules and regulations during the last few decades, making certain types of policies (or practices) previously applied by catching-up countries more difficult (or even impossible) to pursue, imply that catch-up is becoming progressively more difficult? This is an important question that deserves a high rank on the research agenda in this area. But it needs to be emphasized that what is a suitable policy nowadays, depends not only on the characteristics of the policies that seemed to work well in the past, but also on the economic, technological, institutional and social context today (which may be quite different from those of previous times). However, a cautionary look at the empirical evidence from the last few decades suggests that many developing countries have found it increasingly difficult to exploit the potential for catch up, so there may be reasons for concern. This reading of the evidence is also confirmed by a recent econometric study by Fagerberg and Verspagen (2002) , which found that the conditions for catch-up have become more stringent over time, with ever-greater demands on the technological capabilities and innovative efforts of countries striving to narrow the gap vis-à-vis the frontier. While in the 1960s and 1970s the main factors supporting catch-up were found to be capital accumulation and a sufficient manufacturing base, in the 1980s and 1990s accumulation of technological capabilities and specialization in services were shown to be more relevant. These findings indicate, however, that what has happened cannot be explained solely by changes in institutions and policies, but also has to do with a shift in the underlying technological conditions, an area clearly in need of further research. Fagerberg and Verspagen suggested that the observed shift in the conditions for catch-up "may be a reflection of the radical technological change in the last decades, with ICT-based solutions substituting earlier mechanical and electromechanical ones, and the derived change in the demand for skills and infrastructure" (ibid., p. 1303). This is, of course, the kind of changes that Abramovitz hinted to with his concept "technological congruence". Following this, one might hypothesize that, compared to the situation three or four decades ago, the progressive technologies have become less "congruent" with the economic conditions (and, particularly, skill-base and R&D infrastructure) that prevail in many developing countries. In fact, as shown in the previous section, today only countries that have invested massively in the formation of skills and R&D infrastructure seem to be able to catch-up (while those that haven't fall further behind).
A weakness of much of the existing discussion on catch-up and policy has been an excessive focus on the policy level (government) at the expense of the recipients of these policy initiatives, e.g., the firms of the potential catching-up country. As pointed out by Teece (2000) : "If firms are indeed the instruments of development, the study of economic development cannot take place separate from the study of the theory of the growth of the firm" (p.124). We suggest this as an important area for further research, theoretical as well as applied. Although an extensive treatment of the role of firms in catching-up processes is beyond the scope of this essay, we will nevertheless try to emphasize a few points that we believe may be useful for further work. 13 Research on the role of firms in innovation and long run economic change commonly stress that, in most cases, firms only have imperfect knowledge on the relevant options in front of them, and that they tend to be myopic, searching in the neighbourhood of their existing competence for relevant information, suggestions and solutions (Nelson and Winter 1982, Dosi 1988 , Fagerberg in his volume, Lam in this volume). These characteristics are, of course, common for developed and developing country firms, but being far from both the technology frontier and the potential market greatly accentuate these problems. Moreover, the developing country firm may, to a much larger extent than developed country firms, be constrained by its environment: it may have a wish (and perhaps even the capability) to introduce a new product or process but the possibility to do so may depend on capabilities in other firms or skills that are simply not there (or require substantial investments to occur). Arguably, to avoid being stuck along an inferior path and never catch up, "institutional instruments" may be needed to compensate for some of these "latecomer disadvantages", to use a Gerschenkronian term. In particular what the developing country firm may need are "institutional instruments" that improve:
-links with the technology frontier, -links with markets (and sophisticated users), -supply of needed skills, services and other inputs, -the local innovation system/network. Arguably, much of what firms and governments in catching-up countries have done can be understood from this perspective. For instance, the diversified business-groups that developed in Japan and Korea might be seen as "institutional instruments" fulfilling some of those needs (Shin 1996) . The OEM system (original equipment manufacture, see box 3) that has developed in the electronics industries of East-Asia may also be seen as an "institutional instrument" -or "organizational innovation" (Hobday 2000) -geared towards simultaneously improving links with the technology frontier and the market. Similarly, attracting inward FDI may be seen as a "functional equivalent" to OEM, which, however, judged by the empirical evidence, seems to be less favourable for indigenous innovation. Other, more demanding, but perhaps also more rewarding ways -since it allows the latecomer firm to reap a larger share of the profit generated -include technology licensing, investments in own brands (OBM) etc. Improving the supply of needed skills has, of course, been a central preoccupation of many latecomer governments, as illustrated in section 3 above. Moreover, we have witnessed sustained efforts by several latecomer governments in accommodating the needs of firms for a high quality R&D infrastructure (innovation system). What can the extraordinary success that some catching-up countries have had, and the failure of others, teach present-day developing countries? One important lesson is that there is not one unique way to successful catch-up that every country has to emulate. Every country has to find its own way based on an understanding of (a) the contemporary global technological, institutional and economic dynamics, (b) the behaviour (and needs) of the relevant agents (of which the firm arguably is the most important) and (c) the specific context in which the catch-up takes place and the broader factors that influence it, being economic, technological, institutional, political or cultural (Freeman and Louçã 2001) . There are, arguably, big potential rewards to following the Gerschenkronian strategy of targeting technologically progressive sectors, as part of a broader attempt to transform the economy, stimulate learning and the creation of new skills (or assets). However, not every country is equipped with the necessary capabilities to pursue such a strategy. For instance, when, in the mid 19 th century, Japan started its efforts to catch up with the West, the technology gap vis-àvis the more advanced countries was much smaller (compared to what developing countries face today), and its population already had a level of education that compared favourably with most other countries at the time (Odagiro and Goto 1996) . Given that educational standards have been rising ever since, investing in education may be a good place to start for countries that have not succeeded in catering for those needs already. For those that have, there is a wider set of options, and for them some of the experiences outlined in this chapter may be highly relevant (see box 4).
BOX 4 APPR. HERE

Box 1. Organizational innovation in Japan
Henry Ford allegedly once said that his customers could get cars of any colour they wanted as long as it was black. This was the quintessential logic of the American system of manufacture, based on standardized products, produced in long series for mass consumption, by low-skilled (often immigrant) labour, controlled by a hierarchy of foremen, engineers and managers.
The attempt to adopt this system to Japanese conditions after the Second World War led to important modifications. First, the Japanese market was much smaller, so critical mass could only be reached through exploiting demand diversity. Second, the Japanese labour force was well educated, trained and culturally homogenous, and the differences in status and pay between blue and white collar workers small. As a result of these differences, the production system that evolved in Japan came to look very different from that of the USA (Freeman 1987) .
The kanban or 'just-in-time' system, developed by the Japanese auto-industry, combines the advantages of mass production with flexibility in adjusting to changes in the composition and level of demand (Aoki 1988) . What is going to be produced (and when) is decided by the part of the firm close to the end users (market). Orders are placed on a daily basis at the firm's production units, which have to deliver the requested products 'just-in-time'. This also holds for suppliers of parts, and the system is also referred to as the 'zero inventory' method. However, 'zero inventory' implies that defect parts cannot be tolerated (because otherwise production would be halted). To increase quality and eliminate defects, organizational practices such as 'total quality control', originally borrowed from US industry, and 'quality circles' were introduced. Eventually, a new organisation of work emerged, with workers rotating through different tasks, and a much greater role for the individual worker (and work-team) in surveying production and quality, than what was common in the US auto-industry. This new organization of work also meant more competent, committed and motivated workers. Important efficiency improvements stemmed from these organizational innovations. By the late 1980s Japanese manufacturing, particularly in the car industry, was unrivalled in its efficiency (Womack et al. 1990 ). The time needed to produce a car in Japan in 1989 was 16.8 hours, while the equivalent figures for the US and Europe were, respectively, 25. 1 and 36.2 hours (The Economist, 17 October 1992) .
Box 2. The financial crisis in Korea
Korea went through a deep financial crisis in 1997-1998. A factor contributing to it was the, by international standards, very high debt-exposure of Korean chaebols, which had to do with the way catch-up in Korea traditionally had been financed (as in Japan, through loans, often by state-controlled banks on concessionary terms, rather than equity). As long as international capital flows were subject to strict government control, as it did in most of the post World War II period, the system may have been said to fulfil its purpose (rapid catch-up). But when these restrictions eased, several Korean chaebols and financial institutions exploited their new freedom to further increase their financial exposure and, as a result, substantially increase the country's national debt. This paved the way for the crisis. To resolve it, the Korean government went into a settlement with the IMF, involving among other things expectations of extensive "structural reforms", intending to bring the Korean system closer to the Anglo-American model, see Shin and Chang (2003) for an extended discussion. The crisis was relatively short-lived, as the Korean economy underwent a rapid recovery in 1999. It had some repercussions elsewhere in Asia, although Taiwan and Singapore were much less exposed, simply because debt financing and foreign lending did not play the same prominent role as in Korea.
Box 3. How to access foreign technology? The OEM system.
Asian catch up has benefited a lot from technology developed elsewhere. However, the mechanisms used to tap foreign technology sources differ. One central mechanism, used extensively by Singapore, is inward Foreign Direct Investment (FDI). In contrast, Taiwan and especially South Korea relied mostly on a form of subcontracting, 'Original Equipment Manufacturing' (OEM). As suggested by Hobday (2000) , OEM might be seen as an organizational innovation, facilitating learning and technological upgrading in late-comer firms.
Under an OEM contract, a product is produced according to a customer's specifications, normally a transnational corporation (TNC), that markets and sells the product under its own brand-name (such as, for instance, "NIKE" or "IBM"). From the 1970s onwards many US and Japanese firms, particularly in the ICT sector, used this mechanism to contract out their production to Korean and Taiwanese firms. This allowed the latter to acquire basic producing capabilities in electronics, since the TNCs normally "helped with the selection of equipment; the training of managers, engineers and technicians; and advice on production, financing and management.
[…] Local learning was encouraged because the TNC depended on quality, delivery, and price of the final output" (Hobday 2000, p. 134) .
As successful OEM arrangements evolved into closer long-term relationships, the Korean and Taiwanese firms gradually acquired more advanced capabilities, first in process engineering and later in product design. This led OEM to evolve into a more advanced stage, "ODM"( Own Design and Manufacturing), with a higher emphasis on R&D. A next step, OBM (Own Brand Manufacturing), occurs if a firm uses the acquired capabilities to produce and market products under its own brand-name. This requires new capabilities in marketing, and very substantial investments in distribution. Hence, it is a difficult step, but potentially very rewarding, since a lot of the value added is generated at this stage. Several Korean and Taiwanese firms have tried, with mixed success, although a few (e.g. Samsung) have managed quite well.
Box 4. A tale of two countries.
Ireland and Portugal are two small countries in the western periphery of Europe. Both failed, for various reasons, to fully exploit the possibilities for catch-up and industrialization during the first half of the twentieth century, and were, therefore, at the beginning of our period of study, among the poorest in Europe, characterized by an industrial structure dominated by traditional, low-skill activities.
However, during the second half of the century, both countries took steps to integrate their economies with the more dynamic economies of Western Europe, first through membership of EFTA (1961) , and later by joining the EU (1981 and 1986, respectively) . As members of the EU, Ireland and Portugal also received substantial economic support through the so-called "Structural Funds", designed to induce technological and economic catch-up, and facilitate the necessary structural changes, in poorer areas in the union (Cappelen et al. 2003) . During the 1980s and 1990s both countries grew quickly, and the gaps in GDP per capita between themselves and the more advanced Western economies decreased substantially. In tandem with this, both economies underwent extensive structural changes, with traditional low-tech activities contracting and more advanced activities expanding. In Portugal, as a result of inward FDI, a rapid expansion of the (more "medium-tech") automobile-sector occurred. In addition, one of the traditional low-tech activities, footwear, underwent substantial technological upgrading, and managed to expand in spite of raising relative labour costs (Godinho 2000) . Ireland, in contrast, leapfrogged into the most progressive technologies of today, ICT, almost exclusively due to inward FDI, which -particularly towards the end of the 1990s -took very large proportions (O'Sullivan 2002) . As a consequence, Ireland has become one of the most "high-tech" economies in the world today, comparable to the Asian "tigers", with an export structure strongly geared towards ICT and so-called "high-tech" manufacturing.
Why did the two countries develop differently? A common language, and traditional strong ties, may have helped to focus the attention of US multinationals on Ireland. Another is education. Although Irish educational efforts were not particularly high by developed country standards, Portugal lagged much further behind. This was the legacy of the authoritarian regime of Salazar, which did not wish to equip its people with more skills than strictly necessary. As a consequence, two thirds of the Portuguese today have primary school as their highest level of education, and only one out of ten has higher education of some sort. Among the OECD countries, only Turkey is on similarly low level.
Both countries face challenges today, but these differ, and so will, arguably, the adequate policy response. In Ireland, worries have emerged about the weak links between the foreign owned ICT firms and the economy at large (in spite of, it might be argued, a blooming software sector), and the allegedly negligent attitudes of many of these firms when it comes to developing technological capabilities, and undertaking R&D, in Ireland (O'Sullivan 2002). The Portuguese, naturally, are concerned about the increased competition for its products stemming from the enlargement of the European Union by many Eastern European countries, many with a better educated labour force. Source: USPTO.
